ABSTRACT Nocturnal cough and wheeze are common in asthma. The cause of nocturnal asthma is unknown and there is conflicting evidence on whether sleep is a factor. Twelve adult asthmatic subjects with nocturnal wheeze were studied on two occasions: on one night subjects were allowed to sleep and on the other they were kept awake all night, wakefulness being confirmed by electroencephalogram. Every patient developed bronchoconstriction overnight both on the asleep night, when peak expiratory flow (PEF) fell from a mean (SE) of 418 (40) 1 min-1 at 10 pm to 270 (46) 1 min-in the morning, and on the awake night (PEF 10 pm 465 (43), morning 371 (43)1 min-1). The morning values of PEF were, however, higher (p < 0 1) after the awake night and both the absolute and the percentage overnight falls in PEF were greater when the patients slept (asleep night 38% (6%), awake night 20% (4%); p < 0 01). This study suggests that sleep is an important factor in determining overnight bronchoconstriction in patients with nocturnal asthma.
Asthmatic patients often wheeze at night and show a fall in peak expiratory flow (PEF) in the early morning.1 At best this nocturnal bronchoconstriction is annoying and disrupts sleep,2 3 but at worst it may be life threatening as there appears to be an excess of deaths and ventilatory arrests at night in asthmatic [4] [5] [6] patients.
Many factors, including circadian changes in hormone secretion and diurnal variation in bronchial reactivity, have been proposed to explain the worsening of asthma at night, but the cause of nocturnal asthma is unknown.6 7 It is still unclear whether sleep itself is essential for the development of nocturnal wheezing.67 We have therefore kept 12 asthmatic patients who reported nocturnal wheezing awake all night to see whether this altered their nocturnal bronchoconstriction or their morning bronchial reactivity to histamine.
Methods

PATIENTS
We studied 12 asthmatic patients (nine men and three Address for reprint requests: Dr NJ Douglas, University Department of Respiratory Medicine, City Hospital, Edinburgh EH10 5SB.
Accepted 24 February 1986 women) aged 22-58 years. All had documented nocturnal bronchoconstriction, their PEF recorded four times daily in the week before study showing an average diurnal change-(highest PEF-morning PEF)/highest PEF-of 29% (range 10-68%). Eight had positive skinprick test responses to at least two common allergens and seven had a family history of atopy. Six were lifelong non-smokers, four (two atopic) were ex-smokers, and two (both atopic) smoked 10-15 cigarettes a day. All patients had been attending our clinic for at least one year but none had had an acute attack of asthma in the six weeks before the study. All used 132 agonist inhalers and one an anticholinergic inhaler, nine inhaled steroids, and four inhaled sodium cromoglycate. Three patients took 5-10 mg daily of oral prednisolone and five were taking oral theophyllines, which were discontinued for 24 hours before each study night.
PROCEDURE
Each patient was studied on two occasions, an ";awake night" and an "asleep night" 7-14 days apart, the order of the two nights being randomly determined.
On the "asleep night," which was preceded by a night of acclimatisation in the same conditions, each patient slept undisturbed in a quiet, darkened room. PEF was recorded in the seated position before sleep Effect of sleep deprivation on overnight bronchoconstriction in nocturnal asthma at 10 pm, after sleep at 7 am, and also if the patient awoke during the night asking to use an inhaler. All PEF measurements on each night were made by the same technician using the same instructions. Sleep was scored8 from an electroencephalogram (EEG) with two frontoparietal electrodes, an electrooculogram with four electrodes above and lateral to the outer canthi, and an electromyogram with two submental electrodes.
On the "awake night" the patients played cards or board games and watched non-stimulating films; they were permitted to walk slowly around the sleep laboratory complex but were not allowed out of doors, and such mild exertion was always less than 15 minutes a night. They were denied substances containing caffeine as these are bronchodilators.9 They were supervised constantly by two members of staff, who ensured that they did not sleep; and whenever they were seated or lying wakefulness was confirmed by EEG. On the awake night PEF was recorded at hourly intervals, again with the subjects seated. At 7 am after each study night bronchial reactivity to histamine was assessed'0 to see whether overnight wakefulness blunted bronchial reactivity.
Before each study the subjects performed a normal day's work and were instructed not to sleep. Venous blood was drawn at the beginning of each study; it contained very low concentrations of caffeine (less than 0-9 pg/ml) in all patients and detectable theophyllines in only five patients in each case the theophylline level was < 33 pg/ml.
All subjects gave informed consent to the study, which was approved by the hospital ethical committee. Results are quoted as means with standard errors in parentheses, and the significance of differences was assessed by Student's t test for paired data or by analysis of variance and Duncan's multiple comparison test.
Results
EEG SLEEP STAGE
On the awake night all patients remained awake throughout the night. On the asleep night the mean (SD) sleep period was 413 (14) asthmatic subjects awake until the early morning and found that most, but not all, showed their usual degree of nocturnal bronchoconstriction before going to sleep. Electroencephalograms, however, were not recorded in their study and their patients may not have stayed awake all night, particularly as they "adopted the sleeping posture ... and spent their time reading or listening to the radio." Conflicting evidence came from the study of Reinhardt et al, 3 who found that nocturnal bronchoconstriction in asthmatic children was abolished by sleep deprivation, although it is not clear how the children in that study were kept awake.
The finding in the current study that sleep is important in the pathogenesis of nocturnal asthma is supported by studies in asthmatic shift workers,14 17 in whom the time of sleep determines the time of the fall in peak flow, irrespective of the time of day. When such workers changed shift their "overnight" bronchoconstriction became coincident with sleep time by the end of the first sleep period; and both Clark and Hetzel'7 and Connolly'4 thought that this change was too rapid to be caused by alterations in circadian variation of hormones, although concentrations of such hormones were not determined.
Why were higher peak flow rates obtained after the awake night? We tried to minimise the differences between the awake and the asleep night but we cannot totally exclude these as factors. Both nights were spent in the same rooms at the same temperature15 and precautions were taken to keep the house dust mite count low.16 It was not feasible for the patients to be lying down throughout the night they were kept awake, as we would have been unable to keep these volunteer patients fully awake as defined by the EEG. We cannot therefore exclude posture differences as contributory factors in the changes in peak flow. Nocturnal falls in peak flow are, however, unchanged whether patients are ambulant by day or are kept lying in bed throughout the 24 hour day,'7 and thus we do not think that posture effects are likely to explain the differences in peak flow.
Although the values of peak flow at 10 pm were not significantly different, there was a trend for PEF to be higher at 10 before the awake night. We cannot explain this trend. It was necessary for the patients to know in advance which night they were going to be awake so that they could arrange work schedules; but if they had had a nap (which each denied) before coming in on the awake night the PEF would be expected to have been lower at the start of that night, whereas the trend was towards the reverse. This nonsignificant trend seems unlikely to be the reason for 
